Cell-Cycle-Dependent Phosphorylation of PRPS1 Fuels Nucleotide Synthesis and Promotes Tumorigenesis.
Nucleotide supply is essential for DNA replication in proliferating cells, including cancer cells. Ribose-phosphate diphosphokinase 1 (PRPS1) is a key enzyme to produce the consensus precursor of nucleotide synthesis. PRPS1 participates in the pentose phosphate pathway (PPP) by catalyzing the phosphoribosylation of D-ribose 5-phosphate (R-5P) to 5-phosphoribosyl-1-pyrophosphate. Therefore, PRPS1 not only controls purine biosynthesis and supplies precursors for DNA and RNA biosynthesis but also regulates PPP through a feedback loop of the PRPS1 substrate R-5P. However, it is still elusive whether PRPS1 enhances nucleotide synthesis during cell-cycle progression. In this study, we explore the role and activation mechanism of PRPS1 in cell-cycle progression of colorectal cancer, and observed a peak in its enzymatic activity during S phase. CDK1 contributes to upregulation of PRPS1 activity by phosphorylating PRPS1 at S103; loss of phosphorylation at S103 delayed the cell cycle and decreased cell proliferation. PRPS1 activity in colorectal cancer samples is higher than in adjacent tissue, and the use of an antibody that specifically detects PRPS1 phosphorylation at S103 showed consistent results in 184 colorectal cancer tissues. In conclusion, compared with upregulation of PRPS1 expression levels, increased PRPS1 activity, which is marked by S103 phosphorylation, is more important in promoting tumorigenesis and is a promising diagnostic indicator for colorectal cancer. SIGNIFICANCE: These findings show that the enzymatic activity of PRPS1 is crucial for cell-cycle regulation and suggest PRPS1 phosphorylation at S103 as a direct therapeutic target and diagnostic biomarker for colorectal cancer.